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Peroxynitrite 75 #) §l #E 25 Z W HE T % 3 y-aminobutyric acid (GABA) % Ca* {kF
MICHHEEZZ L, £ Ca KEHHBEEVEBREIF ERAAD Ca¥ HRAILLL YR
RENBIEPHONTWARZED S, FRATIRHIKIBER Y7 AXREEHEMBRAD
[%Ca*] FAZBET B EIC LV, peroxynitrite ICL WRRI W 5 HBMBA D Ca™
BMABELCDODWLWTRHEITH L.

Peroxynitrite |3 M & ¥ & UF incubation BRJ (CERTE L 1= [¥Ca¥] RWADEBMEL LS L
f=. ZORAEMIT cyclic GMP £BOFEICADPHOS TROS T &EH 5, cGMP JEK
FHTHBIENPHBALE. HEERBOKPEEERETSH 5 tetrodotoxin, BEELH
T % 3 dibucaine & & U lidocaine {3, LV h & FREIFHEIC peroxynitrite ¥ [“Ca®']
FTAEFEEL . Peroxynitrite ERHE [¥Ca¥] FARP/QES I UL UEMNEKFE
Ca?* F ¥ ) (VDCC) FHEE T H 3 w-agatoxin IVA (0-ATX) & & U nifedipine (Z &
VEEICIFIZH, ChOEHEEREORBFET TIHRR2CHEL A, NRVDCCH
ERTH S o-conotoxin GVIA (0-CTX) FEBERIFS A,/ —H, 30mM KCI R
H4E [%Ca?] F AL peroxynitrite L LW EHRICIFI & h, TOWMFNERIX o-CTX IZ
EANMFNEBELrREBETH . €512, KClFH &1 peroxynitrite DEBFFET TR
573 [$Ca*] FAlR, nifedipine & 0-ATX OEIFFRMTHEL, o-CTX 35S ORE
E5zxhho7. LILEDOEEN B, peroxynitrite FFRME [¥Ca>] F AL, peroxynitrite
L 2mEMREORMMEENLEP/QRELVTLE VDCCs OFEELRICEBRALTEY,
N & VDCC {2 peroxynitrite (LS WA h B3 Z AL hE ho T,
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Mechanisms for Peroxynitrite-induced Ca®>* Influx into Mouse Cerebral
Cortical Neurons

Atsuo HARA

Effect of peroxynitrite (OONQ") on voltage-dependent Ca®* channels (VDCCs) was examined
by measuring [**Ca’*] influx into mouse cerebral cortical neurons. QONO" increased [¥'Ca™] influx
in time-and dose-dependent manners. Cyclic GMP formation did not alter the OONO™-induced
[**Ca®*] influx. Tetrodotoxin and membrane stabilizers such as lidocaine and dibucaine dose ~depen-
dently suppressed the QONO -induced [**Ca*] influx. Each of nifedipine and w-agatoxin VIA (o~
ATX) significantly inhibited the OONO -induced [**Ca**] influx and concomitant presence of these
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agents completely abolished the influx, while @-conotoxin GVIA (0-CTX) showed no effects on
the influx. On the other hand, OONO" itself significantly decreased 30 mM KCl-induced [*Ca*]
influx to the level of [*Ca*] influx induced by OONO™ alone and to the level of KCl-induced

[*%Ca*"] influx determined in the presence of w-CTX.

In addition, the influx by both KCI and

OQONO~ disappeared by in the concomitant presence of nifedipine and w-ATX. These results

indicate that QONO~ increases [**Ca™] influx into neurons through opening P/Q-and L-typed

VDCCs subsequent to depolarization of neuronal membrane and that has an inhibitory action on N—
typed VDCC. (Accepted on September 30, 1998) Kawasaki Igakkaishi 24(3) . 149 159, 1998
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Peroxynitrite (& nitric oxide (NO) & superoxide
EDBREEFIGIZL DR SN, Shb Tl
LEEEREZ AL TR Y, ZoBbfEmid
B8 E #E EE{L®, tyrosine % (ryptophane 7 &7
/o= b YebibL, v A7 T —
PhEFRTREERAYICHETADAL LT,
DNASOME" B X OHIRERY L X% FRT
B ENFHENATVAS,

i I EEFRIZ BT, peroxynitrite (3% { @
giE el R < e N o | ol S AR NG =
LTV A, Peroxynitrite 12 & 2 fiEMbatgieo
{58 & LT, acetylcholine % y-aminobutyric acid
(GABA) 7z L O mEM E M 285 LY Y,
FEMEIZ BT A guamate DA B il
N~OEEEHE LY, H5WIIHEdRo 7
RE=VZAOFERFD 12 THLHEREY L
ENRHHE IR T A, T 15O peroxynitrite @
R B s M e 0 9 B, peroxynitrite (2
L HMEREYERGLEREIL, NOFHEMEME
E BB ISR Tvw A 2 &AM
LIIENTWA, Thbb, NOIK2HH
MR Th 5 GABA & KM E B #ifE
M5 oL, Ca* R HEES X
U Na* R 771k GABA 8 {R 8 3% 48 0 F B i 0
2o20ELHMMEEE AL TiTbh s, £
7z, peroxynitrite 12X A GABA ORI LT

b, Lo NO | & 5 GABA U H 81 & [ 4k
OBHBEEL AL TwDZ ERRES T
BU, X517, superoxide D EHITH B Cu™,
Zn**-superoxide dismutase DELE T TIE, NO FH
UM LEME Ry ICHET I L
5, NO FFEMHEEED B 12X peroxyni-
trite RS- L TV A REMEASE W2 E MBI S
NT B,

EL7z200RL A HEEREDS B, Ca¥t
{771 B A B A S HL B P ~ 0 Ca™ D i
APRFERER-TVBEEZSRTWA, NO
#FME GABA U OB A2, Ml b o
Ca* D EIz L Y, Ca {KTFHE GABA i 2¢
ERICHET I EAMEINTHEY, L
Ao T, NO Zfikasih S MRA~O Ca™ D
A HERTHUEEIBEOTEHVWIDLEFEZS
ha, FHE, IMCEE Y 2 KB G
Ti, NO IZ#EEHIIEOB 584 A L7 PrQ
B XU LB oOBEMRESE Ca™ F 5 H LOH MY
LIz D, MRHN~D Ca* fliAR bibFT Tk
VLI IR TWAEY, K, NON#ME
PEARFFEYE Ca?t 7+ A VAR LTI s a1
LTwaIZ EbHE SN TSP, Peroxynitrite
b NO D4 & [ #1C Ca™ KM GABA JiLH
ERERTHILD S, HIRA~ND Ca™ AD
WRAELSEAEEVPEZONLD, FO
BRCELTEEL2IIS TR,

EETIE, TRLONABHTLHENT,
MREE R~ 7 A KM E i e M, fisg
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Hifg~® [¥Ca*] MAZFMET A EIILD
i R e

ERUHE L URBRAIE

1) K EmEdRois L UmiiiEE

B R A R o LM B & O,

MEHIZEE L TIT-72Y. T4bb, KEEISHH
DddY Fv v ABRLIDEEEHML,
{4 B U=, Ca®*-free Puck’s i THIJ) %
FTHIY L, 0.1% trypsin |2 & 208 % N2,
DWTHNAY— N EAy M DFEE LM
B A BEmas i L. ZoMRBSE IR ED
BefE (900xg, 4C, 247 =Mz, KiEzid
7o, BeonhikiEE15% Y YRBMEE EET
74 Dulbecco’s modified Eagle’s medium (DMEM)
X s, MR 3 x10/ml L4 B
X WCERRE L, H AT 12240% 1] poly-L-lysine
(10 pg/ml) CHLFEL/:553#M (ERE 35 mm)
Wl Lz, coMiEE37C, EE100%, 95
Y225 /5% CO; DEHT T3 HERER L. ©
VAT 10 4M cytosine arabinoside 35 & U10% 7 <
1fiLiE % 443 5 DMEM T4 R4 5 =
kD, EMEAoMMENRIL, 0%

10% % < [l i% &4 DMEM /i CH S 2 ki L7

RERIE 4 HEBEICHER0% Y < FS
DMEM (Z7&#: L, Fr#EM%14H B omhiER
FERIZERI L7,
2) Mg~ [PCa™] WADHIE
AR A KB B AR~ [¥Ca™)
WADOEEIZREMICELTIT- LY, T4b
¥, MEEHN A 20 mM Hepes % &4 3 % Ca’*-
free Krebs—Ringer bicarbonate buffer (KRB-Hepes
:pH7.4, 137mM NaCl, 4.8mM KCI, 1.2
mM KH.PO;, 1.2 mM MgS0, - 6H,0, 25mM
NaHCO;, 10 mM glucose) H T37C 1045 B @
incubation & T o7:0 %, FHITCITHKIRL /-
B 7 Ca®-free KRB-Hepes & 783 L7z, BIS
12 2.7 mM [*Ca*]Cl, (1 mCi [**Ca*] /dish)
EHRMT ALK OBGEL - MEAREE
HCa™*) D FELE T 1237C T 1 471 @ incubation

BiFo-0HIZ, [PCa?] 2HAT S Ca¥-free
KRB-Hepes # 5| L, S 6I1ICKR&G L1
KRB-Hepes TH#EMMR %2 5 M%iHET 52 &1
Ih, FUbEEIESER. CORIGEILOBRIE
FASHUNIZT o 7. 2 OB ENIC0.5M
NaOH % i1 L, fh#Ediie &5 L D rubber
policeman % Fj\v» THIBE L 7=, iRl = iRt
L7 A B0 18E v FL—2a N
{7MEL, BRTHHILZDS, #ES Y
FlL—F—%i, #EI>FL—Varhv
Y& =12 h RPN S o BgHEE TR
% L 72, Peroxynitrite 35 X U 30 mM KCl @0
I3 [PCa*] oM FHRiziTo7%. £hTh
L%, P/QRI, XU N MEMKEN Ca™ F v
F I (VDCC) FHZEFETH 5 nifedipine, wo-aga-
toxin IVA (0-ATX), B L F o-conotoxin GVIA
(0-CTX), % LUIBEKRTEEEETSH S tet-
rodotoxin (TTX), dibucaine 3 I UF lidocaine {3,
KCl F 7-1% peroxynitrite DEEIIEATIZHM L 7.
30 mM KCI 3% [¥Ca®] #ii ALZH3 5 VDCC
FEROMFHIE, KCLEE 1 5-M e [*¥Ca™]
AR BE L.
3) Cyclic GMP (¢cGMP) Dl

L R @) cGMP & O I 52 1 X BE 812 1
UCor- 721 phiakdifa% 1 mM 1-methyl-3-
isobutylxanthine % & A 77 KRB-Hepes 1 C37T,
104 [ @ incubation # {7 - 72D %, 5 uM per-
oxynitrite iR A 2 LIC X ) RISE M L7,
1 438 @ incubation ® @+ (2, KRB-Hepes &
F1B#E L, 2T 6 % trichloroacetic acid (TCA)
FMA TR EEL S-S, ISt EE, i .
Mise kM oFBEL, EEEICXS0%E
fTvy, 2,500%g IZTI5 MR LET-7. B
57 LR TCA (3K R diethyl ether {2 X
DRl ZoLEraisinL, REYE
sodium acetate (23R L, TDHEHEO 152 H
WT cGMPllEEH [P ¥4 1AL/ T vt
£ %9 FIZED cGMP 25 L7z, cGMP 4
2B 5§ % guanylate cyclase D1 HEETH 5
methylene bluc D 2 M3 &2,
preincubation 33 X ¥ incubation # B I ZFEA] L
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72 KRB-Hepes |43 < T methylene blue % &
Lzbo®Hw, &b, RFRTHEHLZE
methylene blue D& )E TIX, #WEMEA S OH
Ho. 44~ @ lactate dehydrogenase @ i i > 84 b 1%
b bhiedhoie,
4) Peroxynitrite @5 1Y
Peroxynitrite [BEROTEIHE L TR LY.
0.6 M NaNO, 5 X UF0.6M HCI/0. 7 M H,0; #
EE3mm, EX25mOF2—THhTCRE
L., A Bk =417 peroxynitrite % 1 M NaOH {Z k
STEEASE 4D MO, #FHE L2 H4
74 (HFElem, £X5cm) (S bEdDEH L
peroxynitrite & H L, BUSHE T O #HE @ H0,
ElEEL, F7L0L0EREE - 20T THE
STz W, Mo ERBEE A~ EHED, #l
B 2220 bZ, peroxynitrite DILEE A HE 302
nm (2B AHMNHELNET A LI L ) HER
L7z, AFFFEIZE W T A L 7 peroxynitrite
DOEITH 100mM Tdh -7z, & L7 pero-
xynitrite |X & BER24RERI LA ER L7z, 1ml
@ KRB-Hepes ~ @ 10 mM peroxynitrite 10 gl @
WhniZ, KRB-Hepes @ pH (2558252 ho
7
5) BHEDER
I & A Sh 5 &ARIE, 0.5 M NaOH
(R Lol & 3t e LTl 7 o
{if albumin % W H & L T, Lowry 5D F
FEEZ L DllEL .
6) FATFRIRENT
FHEFENDOF— %I mean£SEM. THR L
. 7z, onc-way ANOVA Dilifilf, ZhZhoK
EOFALPICEHR L MBI LD, &
A EEOMF T ITo 7.
7)) R
[*#*Ca®] Cl, (0.3511 GBg/mg) 5 X IF cGMP
(1) 9VFA LT o4 %y hidFheEh
New England Nuclear (Boston, U.S.A.) B LI
Amersham International ple, {Amersham, U.K.)
L NEEA LA, TTX B X (¥ nifedipine [T 515560
kA &t (KB B E2EH L. 72, o-
ATX B LTF o-CTX {37 F FHFJERT (KR,

(§524% 35 1998)

dibucaine {Z Sigma Chemicals (St Louis, U. S. A. ),
methylene blue {Z E. Merck (Darmstadt, Germany)
IhENRERAF L. i Lo fhos
TR O R &

Tk, AERR, NGEMKFEIWEREA
ROKEE LT (No. 96-126  1997), JIIIFEE
P RFOB M FEBIREN AT EZ LR L 7.

X B 8 R

1) Mgz Br 5 [PCa™] WA T
peroxynitrite O {EH]

ARET &~ 7 A KM H B AR~ [ PCa?]
WAL, 5 uM @ peroxynitrite @ KRB-Hepes ~
O 2 5 E TIIERAIZHEN T 5 D55
# a3/ (Fig. 1). F 7z, peroxynitrite ZR0#%
193RI BT 5 [PCa®] it A& 1, peroxynitrite
FHEETICBTHEDLLRE [PCa™] HAE
GEERAE) KL THBIIKEVD LE
gah/ (Fig. 1), ThoOEBBED,S,
P @ [PCa™] i AEERIZ BT B incubation
FEfi & 140 & L7z,

Peroxynitrite (3 2 %2 712 hydroxyl radical, NOy,
BLUNOy Z M ashs I L RESH
TWwaAY, §-T, Ca®*-free KRB-Hepes (25
uM @ peroxynitrite i L, 37C, 1445MHo
incubation % 17 - 7: @ %, Z ¢ Ca™ -free KRB-

14000

O Basal
@ OONO™ {5 uM)
12000

¥ = 64x + 5481

100001 (r2 = 0.996)

8000

y = 33x + 5239
(r2 = 0.997)
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[#3Caz+]influx {cpm/mg protein)

4000 . - .
[ a0 60 90 120
Time (Sec)
Fig. 1. Time course of [FCa™] influx by OONQ (5 uM)
into mouse cerebral cortical neurons. Each value repre-
sents the mean = 5. EM. determined from three separate

experiments.
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Hepes % I ICBEEE L /=356 @ [PCa™] §i
AEBE LA LT A, Figure 2 13R7T X5 125
it X 417> peroxynitrite |Z M~ [*Ca™]
MAZEBE LI LA E R £
7z, peroxynitrite D& B FTH % 50 uM H,0,
BLU50 uM NaNO, 3w nd [YCa?] A
I BE 52 do7z (Fig 2). 4B, 40
FEEBRIZH 2 H0, 35 L U8 NaNO, OifE% 50 uM
EL7-MA, B mMRiE%BO peroxynitrite 1 A3
#) 100 mM T2 0, AWFFETH 72 peroxynitrite
DRAREN S M ThHo2Z e b, EEM
HORBEIIL % LD 20,0004 L4 L IZAR
ENTVEHOEEZLEND, 852, M
DEWEFOREA, H0, Tl 600 mM, NaNO,
T 700mM Td A Z &h b, fRIZ peroxynitrite
EHBRPIZCALERMENEE I TV
& L T4, peroxynitrite & R IZEBR ICHEM
S NT-EERITIE20, 000 A LICAR ST B
EEZONLIDHTH B,

AL~ [¥Ca™] i A2 KT peroxyni-
trite D ERFE TG L2BR, Honimwk
xR LD Figure 2 Td 4. Peroxynitrite
TH BRI [PCa] WARHMEE, 10~
30 M DIRETRADIFHER L7 -7,
LT @O EB Tid peroxynitrite i FE % submaxi-

14000
. 12000
i
xE
Sc
£3 10000
=8
4 a8
3 E‘ 000
¢ =
E
a
£ soto
4000 = 4
0 001 01 1 3 10" 30 Hin NaNO: DW":'
- {50 M} (50 upy POSE
OONO™ (uM) DONG"
(5 ph)
Fig. 2. Effects of various concentrations of QOONQ on

[*Ca™] influx. [*Ca?] influx was measured 1 min after
the addition of OONO". Each value represents the mean
= S.E.M. determined from four separate experiments. :

*p<<0.05 and **p<C0.01, compared with the basal influx
{Dunnett’s test).

mal ZBETH S 5uM & L7z,
2) Peroxynitrite ZEFEME [PCa] WAIZRITY
cGMP 4 i D R
I 3 O B %% 4 %, peroxynitrite 7% guanylate
cyclase 2 {HME L LT cGMP £ 3 NS ¢ 5
ZEW LA b cGMP 13 Ca* B L U Nar + %
ANVEFEEHOSELI LVAREINRTVWAS,
£ 2T, W TIZ E T peroxynitrite (2 £ %
[(PCa™] WADTcGMP &4 L TH L 2 2B A
WK L7, Figure 3A |2 L7z L 912,
5 uM @ peroxynitrite | cGMP A B % BH & 412

BO
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Fig. 3. Effects of cyclic GMP (¢cGMP) formation on OONO

—induced [**Ca**] influx. Each value represents the mean
+ S.E.M. determined from four separate experiments.
{A) ¢cGMP formation by OONO~ (5 uM) and effect of
methylene blue (MB) on OONO-induced cGMP for-
mation. ** p<{0.01, compared with the basal value of
cGMP (Bonferroni’s test). **p<(0.01, compared with
the value determined in the presence OONO alone (Dun-
nelt’s test). (B) Effect of cGMP formation on OONCOr
(5 uM)-induced [**Ca™] influx. *¥ p<{0.01, compared
with the basal influx (Bonferroni’s test).
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JLE S 7. T O peroxynitrite ) cGMP A FE i
#E4E A 1 guanylate cyclase @ Fl#EZE T 5 met-
hylene blue 12 & ) SE £ ITFHHM S /A5, met-
hylene blue Bl Tl% cGMP @ EEE B E IS
52 hdh iz (Fig. 3A). —7, peroxynitrite
l2X & [¥Ca¥] it Alx, methylene blue DIFLE
T, BIUVEFEETOWTROEEIZLRALE
Wi L7 (Fig. 3B). Zh 6 DEREED S,
peroxynitrite F5EE [¥Ca*] WAL cGMP (2 X
DEBLYZIT R AL
3) Peroxynitrite 3E3&ME [¥Ca™] ¥EAZRIET
TTX & X REZE LA D5

Ca® DMEEHIIZHAT B3P Rd e d 2
DOBBEHPHFELTVDE I EHFRALNR TS,
1 2 IFBEARATF M Ca¥* F v 2L (VDCC) T
Hh, b9 12FXEREFECT F v 2
T&H 5. Peroxynitrite AT N 5 DO WT N OFH
FHLT [PCa¥] MAZELBOHNII2WT
Wit E o, AMETRETHFEOEEE
LTRIAPEPEMNDLLDIZ, RowE
52 TTX B L UREELERZE T AR
TR 3 T & 5 lidocaine 3 & UF dibucaine @
peroxynitrite FEFEME [YCa®*] WA B ITF
ol lav A

Figure 4 {2733 &£ 9 (2, peroxynitrite 55k
[(YCa¥] AR IR LOEHOVWTIIZL T

—O— TT™X

—&— Dibucaine
100f g

Lidocaine

[*5Ca?+]Influx (% of Basal Influx)
g

B8O
0 0.001 0.01 oA 1 10 100

Concentration (pM)

Fig. 4. Effecis of tetrodotoxin (TTX), dibucaine and lidoca-
ine on OONO -induced [*Ca™] influx. Each value repre-
sents the mean = S.E.M. determined from four separate
experiments. The basal influx of [*Ca®™] was 5912 =+
288 cpm/mg protein/min.  *p<C0.05 and **p<C0.01,
comapred with the control value (Dunnett’s test).
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L, AERERICHESRL. RAHEEFREE
TTX T2 0.1 uM TEDH LN, Lid I OBE
Tt [PCa™] OERBKAEIZIZENZDS
i o7z, [EEOHERR A lidocaine 3 X
Urdibucaine IZ X »ThHBIEE N, 72, 2
o OFEYAFORAKAEER F R THEICE,
peroxynitrite FFEME [PCa™] W AIITELITHE
L7z, Thboid 5, peroxynitrite FE3EME
[Ca?] ¥ Al peroxynitrite E{RIZ & 5 RS
TP B i h] % < VDCCs FNOIZ X -
TERILZIEVPHLIIE - 72, HOE
DL D [PCa™] MAPERICAEFESI N
i, THRMEKEEC FrALTAL
TS FARMETF M Ca¥ F & A V{3, peroxynitrite
FEM [PCa] LB S LvwboriElshs,
4) 30 MM KCl #5#M% [YCa™] A KRITT
FEFED VDCC HEEDPE
Peroxynitrite 5 5eE [YCa?] ¥ A AN 48 %
FLTELDZELDL, WTFRDOED VDCCs
MEH LI hsohesHei L. ZoBEfIcE
S, APPSR LR AT VDCCs %
ETAH50Ed, FuwFhoflo VDCCs 24
LTwaHOI 20 THF L7 30 mM KCI
OUEF LT S B B THE, L 7o R et i
DR BEFRTHI LN LI ASGNTVWAS S
Eprb, 30mMKC @FMIZHES [PCa™] i
Ak, TREFNAP/QH, NB, BICLA®
VDCCHHEH TH 5 0-ATX, o-CTX B L T
nifedipine {2 X % KCI #5M [¥Ca®™] WMAICK
123 B LM L.
0-ATX, ©-CTX, # XU nifedipine (I\V:§h
b 2 KC R [PCa™] WAz H
@, #7- nifedipine, ©-ATX, 5 X 1F 0o-CTX
it 1M oBRECTRREEERAZRL
7= (Fig. 5). %8, 0.1 M o-ATX 2L B[HE
OREL I Mo-ATX (2L 2HEORIEICE
HEEFBDONE (Fig 5). ThooER
b, RHETHO ISR Y ARMEE
A BB L 2T RTH VDCCs # /LT
BY, LHrbInso VDCCs iZHEEE2AT 5
ZEFHLPER ST,
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Fig. 5. Effects of various inhibitors for VDCCs on 30 mM

KCl-induced [*Ca™]| influx. Each value represents the
mean = S.E.M. determined from four separate experi-
ments.  *p<<(0.05 and ** p<{0.01, compared with the
control influx (Dunnett’s test). “# p<< (.01 (Bonferroni’s

test),
12000
= — NS
E |
£ ook
Z1oooo | 1
g s
e *k
E‘ - —I— *k
E sooof ) T |
o iy e
- gy it
x A Rk LA
= AT v
£ 6o00f ;;/_;_. //f
o = s | 2 | s
T oA A
0 oty A
£ oA
4000 -
Basal — A G N A+C  A+N C+N
OONO- (5 uM)

Fig. 6. Effects of various inhibitors for VDCCs on OQONO
(5 uM)-induced |*"Ca™] influx. Each value represents
the mean + S.EM. determined from four separate ex-
periments. *Fp<C0.01. compared with the basal influx
(Bonferroni’s test). **p<(0.01, comapred with the value
determined in the presence of QONO™ alone (Bonferroni's
test). N I nifedipine (1 gML A T 0-ATX (1 oML C Ll @
~CTX (1 uM). NS¢

not significant.
5) Peroxynitrite ZH%&tE [¥Ca™] W AZKIET
#HEio VDCC [l EH O B
PSR LA X 9, AFRICERLTY2
MAREMBIZIZP/QAE, NB, BIULE®D
VDCCs 7" T 5 Z L 45, RIZFHFED VDCC
[HE 3 % H v T, peroxynitrite F 5 [PCa®]
FANZRIFTHEBIZOWTRE ZMA 7.
1 uM 0-ATX & 1 yM nifedipine {3 peroxynit-

rite FFHEME [PCa™] HAZFAHEITHEEL 245,

1 gM ©-CTX % peroxynitrite FFFEME [#Ca®] ik
AIEEELS 2 hh o7z (Fig. 6). T/, 1uM
w-ATX & 1 uM nifedipine @ R B 1L, per-
oxynitrite @ [¥Ca®] HEAMEIEN #5242
HeSg7: (Fig. 6). —J, nifedipine & o-CTX,
B L 0-ATX & o-CTX O [FKFE T T,
F N F N nifedipine B, B L F 0-ATX H R
Mr & [6) F2 EE @ peroxynitrite #5381 [¥Ca™] #i
AMEEHPBIE SR, Zhoof R,
peroxynitrite {3 i #5340 B B N o #8t & 4 L T P/Q
MWEBIOLE VDCCs 2O L, flifi NE
VDCC % HET A HEEE RET DL E
Abhb,

6) Peroxynitrite 3 & UF 30 mM KC1 @ [6] RE£E AL
TIIBIF 2 [PCa™] MAICRIZTHED
VDCC [HE# o i

Peroxynitrite % N I VDCC % 3] 3 5 et
MEZ LIz Z B, 30 mM KCI 5 [YCa®]
WA AT peroxynitrite DB AW Lz b
Z 5, Figure 72”7 & 912, 30mM KCl B3¢

Pk [PCa®] MAZFEICHES . Lab,
_ 14000 Fm
=
E
£ 12000} N.S.— ]
s | ™k
; 10000 Ak 1
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Fig. 7. Effects of OONO™ (5 zM) and various inhibitors for

VDCCs on 30 mM KCl-induced [*'Ca®| influx. Each
value represents the mean * S.EM. determined from
four separate experiments. ¥ p<C0.01. compared with
the basal influx (Bonferroni's test). **p<0.01, com-
pared with the value determined in the presence of KCI
alone (Bonferroni’s test),, A I w-ATX {1 gM), C : o
CTX (1 uM). N :nifedipine (1 4M) N.S. [ not signifi-
cant.
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KCl & peroxynitrite @ F R TIZBWTAS
iz [%Ca*] Hii A& 13, KCI, peroxynitrite 33
LU o-CTX Z RN L BEa Il b oh
AR EIZIEE—ThH-o7- (Fig. 7). TOE
B8 B% 412 peroxynitrite %N #I VDCCs {Zxt L Fi
EERAAALTWAILERTLOLEZON
4. —7, nifedipine & o-ATX O F BRI,
KCl & peroxynitrite D FIEE{EE F THRH LN
[PCa®] AR EL&ICHE S &7 (Fig. 7).
¥ 7> KCl & peroxynitrite @ BB T Tl 5
3 [YCa™] it AL, nifedipine & ©-CTX @
FEEED, L0 0-ATX & o-CTX &[G
iz X b A EICEE s oA, FooRE
{4 F L# #nifedipine B & UF 0-ATX @ BTk
MzL oo/ HEOHIS LF—Th7z
(Fig. 7).

z 2

NO (& Ca** M TFPE o B8 fE & Na® fR{F
GABA $HAT X RO MBI D 2 2O R H HEE
ML TGABA ¥l T A Z LA & hT
WA oy Ca’r {KTEM GABA FOi Al
P RN~ Ca* ALK DFESND
ZEdmenT WA, MR EY Y AKRNEE
MR BT, NO TSRO B 54
L, oKL, P/QM B L FL B VDCCs
REOX42LE 412, NE VDCC iFEHAL
FHETAEENTEYY, Zhbd VDCCs
OFFHEALIZfE - T U Ca* i AT NO F5 Mk
GABA M 5 @ Ca* AR M IZES L
TV AT FESEAHER X5, —F, peroxynitrite
L VFHRERINS GABAKUH L, NODOEEE
FlBkLC Ca®* MRAFVERUH AR & Na* K77 1% GABA
HEERROMBEED 2 DOMHBEHE M LT
GABA 2z BT AZ L HRESLTEYD
A 6T, NOIZ X2 ERERLIZE
peroxynitrite 73 5- L T A T L AH ST X
NTWAEYW Gt T, R Tl peroxynitrite
FRM Ca WARERF F, AAFE~ 7 AR
1 BRI % Bl TR R T 7.

(BE24% H3%5 1998)

AT, MFEMALIZ BT peroxynitrite
i3 cOMP AR EVEFH 2 H T 5 2 LATERE X
N7z RO REARIZB VT LA
LENHTENHEINTWARY, F7:, cGMP
13 Ca™ IR v A v EHEFRE LSS TH
O%45Z EFHGRTWAY, t-T, pero-
xynitrite {2 & §) HERK, X 7z cGMP A% peroxynitrite
FEAECT WACESLTWATREND
5T L b, guanylate cyclase HEETH 5
methylene blue D FA T B X UIEFETIZHT
% peroxynitrite FHFEME Ca™* FLAIZ 2 W THET L
7= & = A, methylene blue D LFEE O H HIZ D
5, peroxynitrite A% Ca> AT RHESE 5
T EBDH LRI fEo T, peroxynitrite FE
M Ca® WAIZIE cGMP 2S5 LTwiwnZ kid
Mot #Ezbhb, F/z2, NO T peroxynitrite
ERFELZ cGMP R # 2T 548, NOIZK S
Ca™ it A& cGMP JERATFIETH 5 2 L D&
SHTVB,

TTX B L CIEZEIEH = 43 2 BT R EE
T H A lidocaine %z & AT peroxynitrite 7% 76 1%
[¥Ca™) HAZMHET L Z A5, peroxynitrite
XD BEREsNE [PCa] WARKRTEE
LT iRV VW DEEZ NS,
Peroxynitrite |3 RO Na*t |23 3 % & 8% %
e84 5 = L2205 peroxynitrite (2 L 5 4
TRE A o vt O ZALA R o Bl o R
TERTAVRESZEZONLD, BIERT®R
rHERTHBRFEIIOVWTEAHTSH), 55D
WiREL ERLND,

HRRERICB VT, BRSSP Ld
4 FEH O VDCCs, T4bH, P, Q, L, B
UNBVDCCs #F L TWA I EPHMEINT
WARS, R CER LR 7 AR
e BRI L2 12, 30 mM KCI % 1E [¥Ca?]
WA EFNFN LA, P/QR, NE VDCCs @
PHEHETH A 1 4M nifedipine, 1 uM 0-ATX,
BLU1 Mo-CTX IZ X ) HERAEAEICHESE
h, ThHTXTOEYDOFERFL T TIIE
FILHEsAI-ZERL, LBEOTRTO
VDCCs # 4 LT\ b 2 EAR S /e, ABF



1500 Peroxynitrite & LAY CarF v 0L 157

F2 T L 7: nifedipine (1 uM) OEE (3 L %
VDCC #HEL, Lad Nar BLUK F v %
WANEHEE AL VIRBETHL EEZLR
A%, F i, 30mMKCl FREME [PCa] A
23t 5 0.1 uM 0-ATX OHESRIZ, 1 uM
o-ATX DHEEDRI VA RICENLOTH Y,
0.1 uM 0-ATX It 30 mMKCI 5 % ¥ [+Ca™)
MAZAZIMET 20PBBEIA TS,
EDHEDS S, 0-ATX 1 100~200nM L, F o
RETHEFMICIPRVDCC #AEL, 2D
BEEIDEVEETCEIPRB I QMOME D
VDCCs # [HET A I LGS T 502,
E->T, AMETHERALL 0-ATX DBETD
L1uMi, PEIB L OFQ M VDCCs % & &4
fAELTYWwWAR EEZ NS,

AEICBOTHOAERTREHRO 1
D&, peroxynitrite A% K i Bz B p #E A e o0 BB
SRIZE & FEvT, P/Q BB X UL B VDCCs
LT [PCa™] @i Az ms /2 Th
0, —H, BABIELTVwBICLhhb s,
N#IVDCC &/ L7z [¥Ca®™] MANASNRL
ol b THA, 0-CTX |2 X A peroxynitrite
B [YCa¥] MADOHE FALRBZWI &
DOFPELT, bbb 2 o0 iEENE L
S5Mb. £0D 1 DIFFRMIETHEH LA AEM
IENBVDCC ARMLTWAIRERTH S
A, ZTOFICELTE, ERLAZXHI1230
mM KCL 35364 [PCa™] @AM o-CTX 2L D
HEIIHES WA 2o HEINLEELS
na.

52 O fEME X, peroxynitrite A% N # VDCC
FRETLOMEETHS. ZOMREMEEES
PIZT A7, ABFFEICEB VT 30 mMKCl
M [PCa™] ¥ A BT peroxynitrite @)
fEH & #E L7z, KCl B X ¥ peroxynitrite ¢ [i]
FEFAE FIZBIF 5 [PCa™] ¥ AL, KCl
peroxynitrite 35 £ TF o-CTX O FEFETIZB
WTRD bRt [YCa™] WA LRRETHY,
D Z O A® [PCa™] i AL peroxynitrite
HAZ L D s b [PCa™] AREICIEIE
LW EPEHBRENRS, COEBEELE, o

CTX iZ peroxynitrite $F 38 M [*Ca®] ¥ A2 22
BAEHZEWI L, KC B LU peroxynitrite @
FIRFFELE P2 B 5 [PCa™] # A7 0-CTX
LN EBLZIT W, BIUKCA B LY
peroxynitrite D [{]FFAF1E FIZ 81 % [Ca™] it
A A% nifedipine B X U 0-ATX @ R ERMIC X
DEEIHRT DL, ZEOERMETELN
ToEBREEFMET B L, peroxynitrite A7 N &l
VDCC O EMEHz AT A2 L3O L E
AbNBF, TOREFERBRIZOVWTIEHES
TR,

% B

Peroxynitrite A% y-aminobutyric acid {GABA)
B CaRFMICRB e L, I
Ca™ IRAFME M E (5 ) B L S N~
Ca" AL D FR SN LML T
BT ED, RFRTIEMASEE~ T AKX
il Hy, mMiEda~o [Pca™] ik
ABMET D EI2L D, peroxynitrite |2 & D)
BF BN b Ca™t ABFIZ DV TRE Z 1TV,
LT ofReRz.

1) Peroxynitrite {Z #& B 35 X UF incubation B [H
AR D [PCa™] WA mMAEF R L =
D ARG X cyclic GMP 4 p D& (2 A b
LTRDOLNLT A5, cGMPIFHETFHTH
DI LI L.

2) MR A ERETH B TTX, i
EALHI T & dibucaine 3 L UF lidocaine (£, Wi
b P BRI peroxynitrite 37381 [YCa?t]
MAZMEEL.

3) 30 mM KCI #F %M [PCa™] AL P/Q 1,
N#, BLULBEMHKAEN VDCC HERET
#H 5 0-ATX, o-CTX, 3 L UF nifedipine |2 X
D ENERHBRAEMEIIIRI S, Chb 3
DA T TR KC FIME [PCa*] mMARTESE
R L2 &2 0, RIFFECHM L -
f2izid, LBEo3-ToH VDCCs BFFEFELTW
HT LAV .

4) Peroxynitrite FHFNE [¥Ca®] Al 0-ATX
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B & UF nifedipine (2 & D FEIZHB 34, Th
5 EED RS T TldEalslk Lz,
a-CTX (228 % RT3 hdho .

5) 30 mM KCI 5% [$Ca™] ¥ A ld peroxy-
nitrite {2 & ) FEICHPH S H, TOIHFORE
13 0-CTX (2 X A HHORE & ARETH - 7.
% 52, KCl 3 X U peroxynitrite O [ AF7E T
THDHHNBE [PCa®] i AlL, nifedipine & o
ATX ORIFRINTHEEL, o-CTX IZIZfJ56 0
WELEZ oz,

6) BL Lo EBRHAA S, peroxynitrite 58
[*Ca®] #i AL, peroxynitrite |2 X 5 8 Fd
o aHE4L72-P/QAElE LT LA
VDCCs @it LIC&E L TH b, N& vDCC

L2

(H24% HF3%5 1998)
{4 peroxynitrite {2 X DHIMI SN B Z EPFH L2
Lo,

E | 33

MEHZAIZHLD, BUL2HFBELEAETSE
Y F LA RIS B A SRR AR AR IS
EHLEBBEARLEY., T ERIIOOTRMGE
S, WA EbhYE LA BREERIZILDHET
LEMPHEOREIILRE(EFCALEY. 2%
BFEEoEifchz VBV w, RIEy vy —,
HefbZEt v ¥ — ORI D E LML RiFET.

KT 1L, CHHREMAER (No. 10557247)
O L D fThih.

&

1) Blough NV, Zafiriou OC : Reaction of superoxide with nitric oxide to form peroxynitrite in alkaline aqueous solution.

[norg Chem 24 @ 3502 — 3504, 1985

2) Huie R, Padmaja § : The reaction of NO with superoxide. Free Radic Res Commun 18 195- 199, 1993

37 Radi R, Beckman JS, Bush KM, Freeman BA : Peroxynitrite-induced membrane lipid peroxidation | The cytotoxic

potential of superoxide and nitric oxide. Arch Biochem Biophys 288 [ 481 — 487, 1891

4} Ischiropoulos H, Zhu L, Chen J, Yhai M. Martin JC, Smith CD, Beckman J§  Peroxynitrite-mediated tyrosine nitration

catalyzed by superoxide dismutase. Arch Biochem Biophys 198 | 431 —437, 1592

51 Alvarez B, Rucco H, Kirk M, Barnes 8, Freeman BA, Radi R : Peroxynitrite-dependent tryptophan nitration. Chem

Res Toxicol 91 380396, 1996

1992

6) Zhu L. Gunn C, Beckman JS | Baciericidal activity of peroxynitrite. Arch Biochem Biophys 198 I 452 — 457,

8)

9

Szab C, Zingarelli B, O"Conner M, Salzman AL : DNA strand breakage, activation of poly (ADP-ribose) synthetase.
and cellular energy depletion are involved in the cytotoxicity in macrophages and smooth muscle cells exposed to
peroxynitrite. Proc Natl Acad Sci USA 93 1 1753 - 1758, 1996

Szab C : DNA strand breakage and activation of poly-ADP ribosyltransferase ; a cylotoxic pathway triggered by
peroxynitrite. Free Radical & Medicine 21 ! 855 — 869

Ohkuma S, Katsura M, Guo JL, Hasegawa T. Kuriyama K I Involvement of peroxynitrite in N-methyl-D-aspartate-
and sodium nitroprusside—induced release of acethylcholine from mouse cerebral cortical neurons. Mol Brain Res 31 !

185—183, 1995

Ohkuma S, Narihara H, Katsura M, Hasegawa T, Kuriyama K : Nitric oxide-induced [*H] GABA release from cerebral

cortical neurons is mediated by peroxynitrite. J Neurochem 65 1 1109—-1114, 1995

11) Trotti D, Rossi D, Gjesdal O, Levy LM, Racagni G. Danbolt NC, Volterra A  Perxynitrite inhibits glutamate transporter
subtypes. J Biol Chem 271 : 5976- 5979, 1996

12) Estéves AG. Radi R, Barbeito L, Shin JT, Thompson JA, Beckman JS © Peroxynitrite-induced cytotoxicity in PC12
cells ; evidence for an apoptotic mechanism differentially modulated by neurotrophic factors. J Neurochem 65 1 1543
— 1550, 1995

13) Ohkuma S, Katsura M, Chen D-Z, Narihara H, Kuriyama K : Nitric oxide-evoked [*H] y-aminobutyric acid release is



14

15)

Ch.

17

18

19}

20)

21

53
&

26}

27

b
25

29

{0 Peroxynitrite & SV K% Ca™ F v 701 159

mediated by two distinct release mechanisms. Mol Brain Res 36 © 137 — 144, 1996

Ohkuma S. Katsura M, Guo JL. Narihara H. Hasegawa T, Kuriyama K ! Role of peroxynitrite in [FH] -aminobutyric
acid release evoked by nitric acid and its mechanism. Eur J Pharmacol 301 I 179— 188, 1996

Ohkuma 8, Katsura M, Hibino Y, Xu J, Shirotani K, Kuriyama K : Multiple actions of nitric oxide on voltage-
dependent Ca™ channels in mouse cerebral cortical neurons. Mol Brain Res 54 | 133- 140, 1998

Ohkuma S, Kishe M, Ma F-H, Kuriyama K . Alterations in receptorcoupled second messenger systems at up-regulated
muscarinic receptors | Analysis using primary cultured neurons. Eur J Pharmacol 189 [ 277 —285, 1990

Beckman JS, Beckman TW, Chen J, Marshall PA, Freeman BA  Apparent hydroxyl radical production by peroxynitri-
te : Implications for endothelial injury from nitric oxide and superoxide. Proc Natl Acad Sci USA 87 © 1620 — 1624,
1590

Lowry OH, Rosenbrough NJ, Fall AL, Randall RJ : Protein measurement with the Folin phenol reagent. J Biol Chem
193 © 265275, 1951

Pfeiffer SA, Gorren CF, Schmidt K, Werner ER, Hansert B, Bohle DS, Mayer B : Metabolic fate of peroxynitrite in
agueous solution, Reaction with nitric oxide and pH-dependent decomposition to nitrite and oxygen in a 2! 1
stoichiometry. J Biol Chem 272 : 3465 — 3470, 1997

Mayer B, Schrammel A. Kaltt P, Koesling D, Schmidt K ! Peroxynitrite-induced accumulation of cyclic GMP in
endothelial cells and stimulation of purified soluble guanylyl cyclase. Dependence on glutathione and possible role of
S-nitrosation. J Biol Chem 270} : 17355— 17360, 1995

Garthwaite J, Boulton CL ! Nitric oxide signalling in the central nervous system. Annu Rev Physiol 57 : 683 — 706,
1995

Kurenny DE, Moroz LL, Turner RW, Sharkey KA, Barnes S - Modulation of ion channels in rod photoreceptors by
nilric oxide. Meuron 13 © 315— 324, 1994

Bauer ML, Beckman IS, Bridges RJ, Fuller CM, Matalon § ! Peroxynitrite inhibits sodium uptake in rat colonic
membrane vesicles. Biochem Biophys Acta 1104 © 87— 94, 1992

Wei EP, Kontos HA, Beckman JS ! Mechanisms of cerebral vasodilation by superoxide, hydrogen peroxide, and
peroxynitrite. Am J Physiol 271 ! H1262-H1266, 1996

Tareilus E, Breer H [ Presynaptic calcium channels ; Pharmacology and regulation. Neurochem Int 26 ; 539 — 558,
1595

Wu L, Karpinski E, Wang R, Pang PKT | Modification by solvents of the action of nifedipine on calcium channel
currents in neuroblastoma cells. Naunyn—-Schmicdeberg’s Arch Pharmacol 345 © 478 — 484, 1992

Villarroya M, De la Fuente M-T, Lépez MG, Gandia L, Garcia AG ! Distinet effects of w=toxins and various groups of
Ca™*-channels of chromaffin cells. Eur ] Pharmacol 320 © 249 - 257, 1997

Toner C, Stamford JA ! Involvement of N-and P/Q-but not L-or T-type voltage—gated calcium channels in ischaemia-
induced striatal dopamine release in vitro. Brain Res 748 ! 85—92, 1997

Currie KPM, Fox AP . Comparison of N-and P/Q-type voltage-gated caleium channel current inhibition. J Neurosci
17 © 4570 — 4579, 1997



